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X' A method fbr operating a receiver having a particular 
sampling frequency related to a symbol rate to recover carrier 
and timing informatio\i from a received spectrum including a pilot 
signal, comprising: 

centering t|ie received spectrum at a known position 
relative to baseband; 

tracking thd pilot signal with a phase-lock-loop; 

evaluating the frequency of the pilot signal with 
respect to the sampling frequency; and 

adjusting the centering of the received spectrum until 
the evaluated frequence of the pilot is in integral relationship 
with the sampling frequency. 



2. The method accordi 
filtering the! rece 
having a cut-off frequency r 
processing the fil 




/to claim 1, further comprising: 
i^pectrum in a low pass filter 
to the sampling frequency; 
signal in a high pass filter 
having a cut-off frequendy related to the sampling frequency; and 
wherein the loW pass and high pass filters define an 
equivalent bandpass fi]lter, the equivalent bandpass filter 
defining upper and lower! sideband regions each centered at an 
expected position of the Ipilot signal. 



3. The method accotding to claim 2, wherein the received 
spectrum exhibits a raised cosine response characteristic, the 
30 upper and lower sideband regions of the equivalent filter 
including transition regiops of the spectra defined by the high 
pass and low pass filters, 
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4. The method according to claim 3^ wherein the receiver's 
sampling frequency is determined such that the pilot frequency 
is equal to about one fouipth the sampling frequency. 

5. The method accorHing to claim 4, wherein the high pass 
filter is a Nyquist prefi]iter having a lower cut-off frequency 
at about one fourth the sampling frequency, the high pass filter 
centering the spectrum at a |f requency about one half the sampling 
frequency. 



15 



20 



25 



30 



6. The method accord 
filter is a square root Uyhu 
frequency at about one fourt 
root Nyquist filter centeri 



7 . The method accord 
of the pilot signal bein 
transition region, thereby 
pilot signal to be centere 
sideband regions of the 
substantially equal to one 
augmenting a signal occur 
frequency . 



ng to claim 5, wherein the low pass 
ist filter having an upper cutoff 
the sampling frequency, the square 
^--tfe^ spectrum at about baseband. 



ng tbArfraim 6, the desired position 
supstar/tially centered in each 
oausingyxhe desired position of the 
ijy^ each of the upper and lower 
Equivalent filter at a frequency 
folurth the sampling frequency, thereby 
::ing at one fourth the sampling 



8. The method accordimg to claim 7, further comprising: 
receiving a sidebanp region from the equivalent filter 

in a tracking loop; 1 

sweeping the sideband region to identify an augmented 

frequency component; 1 

comparing the augmented frequency component to the 

expected frequency of the pilqt signal; and 
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shifting the sampling frequency in a direction and an 
amount such that the augmented frequency component coincides with 
5 the expected frequency ff the pilot signal. 
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9. The methocj acjrording to claim 8, further comprising the 
step of using the shifted sampling frequency to define a symbol 
timing reference sigpal. 




A digita 
a front 



L communication system, comprising: 

end receiving an input spectrum at an 
intermediate frequency, the input spectrum including an inserted 
predetermined frequency components- 
first and second nested tracking loops, the first loop 
acquiring carrier frequency lock in operative response to the 
predetermined frequlency component of the received spectrum, the 
second loop providing a signal adapted to position the spectrum 
at a predetermined llocation relative to baseband in operative 
response to said predetermined frequency component; and 

a third tricking loop coupled to define a symbol timing 
parameter in operative response to said same predetermined 
frequency component 



ligitaL 
sing an 



11. The d 
further comprisi 
spectrum in order to 
the symmetric signald c 
of the predeterminec. 



communication system according to claim 10, 
egpii^lent filter operating on the received 
iefin^a pair of symmetric signals, each of 
4ntexed at the characteristic frequency 
requency component when the received 




35 



spectrum is at baseband. 

V 

12. The digital communication system according to claim 11, 
wherein symbol timing is performed at a sampling frequency, the 
system further comjbrising: 
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a first hig 
frequency related to th 



/ 



lower cut-off 



pass filter having a 
e sampling frequency; 
a second lo^ pass filter having an upper cut-off 
frequency related to tie sampling frequency; and 

first and second filters define an 
Iter having symmetric passband regions 



wherein the 
equivalent bandpass fi 



centered about a frequency related to the sampling frequency, 



13. The digital cotmmun 
wherein the received sp^ct 
characteristic, the pasls 
regions of the high and 



ication system according to claim 12, 
rum exhibits a raised cosine response 
band regions including the transition 
low pass filtered spectra. 



14. The digital communication system according to claim 13, 
wherein the sampling frequency is chosen such that the 
predetermined frequency qomponent is disposed at a frequency one 
fourth the sampling frequency. 



15. The digital comtiuj: 
wherein the high pass fitLter 
fourth the sampling frequency 
half the sampling frequency. 



\ion system according to claim 14, 
is a lower cut-off of about one 
sa passband center of about one 



30 



16. The digital comidum^partion system according to claim 15, 
wherein the low pass filtier has an upper cut-off of about one 
fourth the sampling frequency, the equivalent filter passbands 
thereby centered at a frequency about one fourth the sampling 
frequency. 



35 



17. The digital commmnication system according to claim 16, 
wherein the inserted predetermined frequency component is a 
pilot signal disposed at al location along the spectrum normally 
reserved for a suppressep carrier when the spectrum is a 
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conventional terrestrial! broadcast spectrum, the pilot signal 
centered in the equivalent filter's passband regions when the 
sampling frequency is one fourth the frequency of the pilot 
signal . 



18- The digital comm 
further comprising : 

a phase/f requerjcy 
equivalent filter passband 

means for deterrr 
the passband region; and 

an oscillator c 
signal having a frequency 
oscillator circuit increa 
signal frequency in opera 
pilot signal with respect 



anication system according to claim 11 , 



detector coupled to receive an 
signal; 

ining whether the pilot is centered in 

ircuit developing a timing reference 
related to the sampling frequency, the 
sing or decreasing the timing reference 
sponse to the position of the 
ssband region center. 



1^. An integrated c 
directed carrier phase r 




:jircui^ r>eceiver including a decision 
iecoAij©dfy circuit for complex signals 
representing symbols characterized by in-phase and quadrature- 
phase portions separated in time by an offset, the carrier phase 
recovery circuit comprising: 

a sampling circuit configured to sample each of the in- 
phase and quadrature-phase portions of the complex signal at an 
in-phase sampling time and at a quadrature-phase sampling time 
separated by an offset; 

a separation c:ircuit, connected to separate the 
sampled, in-phase, signal into an in-phase sample time data 
stream and an in-phase time offset data stream; 

a decision circuit, connected to receive the in-phase 
sample time data stream and generate a tentative symbolic 
decisions from in-phase sampled data; 
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a summing cilrcuit coupled to combine the tentative 
symbolic decisions witk signals from the in-phase sample time 
data stream to generate an in-phase symbolic error term; 

a multiplier dircuit connected to combine the in-phase 



symbolic error term wit 
quadrature-phase portior 



1 a time offset signal representing the 
of the complex signal. 



20. The carrier p: 
19, further comprising: 
a phase error 
generated by the multip 
a loop filter 
a reference s 
a phase correct 
providing phase correqt 
circuit in operative 



ase recovery circuit according to claim 



term representing the in-phase portion, 
ier ; 

^nthesizer circuit; and 

ciWcuit, the reference synthesizer 
signals to the phase correction 
the phase error term. 



respon 



hase r4jex)very circuit according to claim 




2Z. The carrier p 
19, further comprising: 

a second separation circuit, connected to separate the 
sampled, quadrature-phase, signal into a quadrature-phase sample 
time data stream and a c[uadrature-phase time offset data stream; 

a second decision circuit, connected to receive the 
time data stream and generate a tentative 
quadrature-phase sampled data; 



quadrature-phase sample 
symbolic decisions from 



a second suruning circuit coupled to combine the 



tentative symbolic deci 
phase sample time data 
symbolic error term; 

a second mult 
quadrature-phase symbol- 
signal representing the 



35 



sions with signals from the quadrature- 
stream to generate a quadrature-phase 

Lplier circuit connected to combine the 
LC error term with the a time offset 
in-phase portion of the complex signal. 
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22. The carrier poase recovery circuit according to claim 
21^ wherein the second multiplier circuit combines the 
quadrature-phase symbolilc error term with the in-phase time 
offset signal to develop a quadrature-phase phase error term. 



23. The carrier pha 
22, further comprising a m|u 
circuit, the multiplexer f 
in-phase and quadrqature 
filter. 



24. The carrier pha 
20, wherein the time offs 
phase portion of the compl 
phase time offset data stj 



e recovery circuit according to claim 
Itiplexer connected to each multiplier 
roviding a signal stream of alternating 
phase phase error terms to the loop 



e recovery circuit according to claim 
dt signal representing the quadrature- 
5x signal is the sign of a quadrature- 



25 The carrier phas^ rec 
20, wherein the time offsett si 
phase portion of the complex si 
offset data stream. 




ircuit according to claim 
resenting the quadrature- 
is a quadrature-phase time 



26. The carrier phasel recovery circuit according to claim 
25 20, wherein the time of f set I signal representing the quadrature- 
phase portion of the complex signal is the Hilbert transform of 
the in-phase sample time daua stream. 



27. The carrier phase jrecovery circuit according to claim 
30 20, further comprising: 

a Hilbert transform circuit connected to receive the 
in-phase sample time data \ stream and output its Hilbert 
transform, wherein the timel offset signal representing the 
quadrature-phase portion of nhe complex signal is the Hilbert 
35 transform of the in-phase samnle time data stream; and 
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wherein the multiplier combines the symbolic in-phase 
error term with the Hilbei^t transform of the in-phase sample time 
data stream. 



28. The carrier phas^ recovery circuit according to claim 
21 f further comprising: 

a DFE coupled, iih parallel fashion, with the decision 
10 device, the DFE providing correction signals for removing an ISI 
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component from tentative s 
a combining circii 



signals with in-phase sample time data. 



ymbolic decisions; and 
it coupled to combine DFE correction 



29 The carrier phase 
27, further comprising a de] 
the summing circuit and 
circuit providing a delay 
equal to a delay imposed by 



recovery circuit according to claim 
ay matching circuit disposed between 
t|he multiplier, the delay matching 
to^J^iie symbolic in-phase error term 
ilbert transform circuit. 



t receiver for coherently 
enting symbols, characterized 




3^. In an integratec. 
demodulating complex signal 
by first-phase and second-ph^^^ portions, separated in time by 
an offset, a method for deci 
comprising : 

sampling each of the first-phase and second-phase 
portions of the complex signal at a first-phase sampling time and 



sion directed carrier phase recovery 



at a second-phase sampling 
sampling time by an offset; 

separating the s 
sample-time data stream and 

making a tentativ 
the first-phase sample-time 



35 



time separated from the first-phase 

ampled first-phase signal into a 
a time-offset data stream; 
5 symbolic decision on signals from 
data stream; 
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combining the teAtative decisions with signals from the 
first-phase sample-time dat[a stream to generate a symbolic first- 
phase error term; 

multiplying the Symbolic first-phase error term with 
a signal representing the \time-offset sampled signal of the 
second-phase portion of the 1 complex signal. 



10 



15 



31, The method accordilng to claim 30, further comprising: 
separating the sampled second-phase signal into a 

sample-time data stream and la time-offset data streams- 
making a tentativel symbolic decision on signals from 

the second-phase sample-timel data streams- 
combining the tentative^deci^ions with signals from the 



20 



second-phase sample-time daqa^ strfear 
second-phase error terms- 
multiplying the symbolic/gecc 
a signal representing the time-oflf set/ sampled signal of the 
first-phase portion of the conip\Lex s^fgnal . 



to generate a symbolic 
id-phase error term with 



25 



30 



32. The method according! to claim 30, further comprising: 
defining a phase ernor term, representing the result 

of the multiplication of the symbolic first-phase error term with 
the time-offset sampled signaD. representing the second-phase 
portion of the complex signal; land 

controlling a reference synthesizer to provide phase 
correction signals to a phase correction circuit in operative 
response to the phase error tern 

33. The method according io claim 32, wherein the first- 
phase and second-phase portions oif the complex signal are its in- 
phase and quadrature-phase components. 
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34. The method according to claim 33, wherein an in-phase 
sample-time signal corresponds to a quadrature-phase time-offset 
signal and a quadrature-phase sample-time signal corresponds to 
an in-phase time-offset siqnal. 



10 



35. The method according to claim 30, wherein the signal 
representing the time-offset sampled signal of second-phase 
portion of the complex signal is the sign of the time-offset 
sampled signal. 
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36. The method according to claim 30, wherein the step of 
separating the sampled first-plhase signal into a sample-time data 
stream and a time-offset data stream comprises taking the Hilbert 
transform of the first-phase sample-time data stream. 



:ed 



rising: 
^symbol 



error magnitude 



An integrated circuih 
a decision direcp 
determination circuit; 

a symbol rotation direction indication circuit; and 
wherein the symbol ejirorl magnitude circuit operative 
in response to a first-phase portj^p^ of a complex signal, the 
symbol rotation direction inaication circuit operative in 
response to a second -phase portion of the complex signal, the 
first-phase and second-phase portions offset from one another. 



2^. 
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An integrated circuit comprising: 

a decision directep symbol error magnitude 
determination circuit ; 

a symbol rotation direction indication circuit; and 
wherein the symbol error magnitude circuit operative 
in response to a first-phase porpion of a complex signal, the 
symbol rotation direction indication circuit operative in 
response to a Hilbert transform of the first-phase portion. 
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39. The integrated Icircuit according to claim 37, the 
decision directed symbo]\ error magnitude circuit further 
comprising: 

a first-phase sigVial; 

a decision circuip outputting first-phase decisions; 

and 

an error circuit slimming an first-phase decision with 
a first-phase signal to define a first-phase error term. 



40. The integrated circuit according to claim 39, the 
symbol rotation direction indjLcation circuit further comprising: 
a signal representijng a second-phase midpoint signal; 

15 and 

a combining circuit!, ^'cSrT±)ining the first-phase error 
term with the signal represpntipgj the second-phase midpoint 
signal . 

20 41. The integrated circdit ^a.©<f6rding to claim 40, wherein 

the first-phase signal is anjin-phase component of an offset 
complex signal. 




42. The integrated circuilt according to claim 41, wherein 
25 the second-phase midpoint signa^ is a quadrature-phase component 
of an offset complex signal. 



30 



43. The integrated circuitl according to claim 42, wherein 
the signal representing the quadtature-phase midpoint signal is 
the sign of the quadrature-phasel midpoint signal. 



35 



44. The integrated circuit [according to claim 43, wherein 
the quadrature-phase midpoint silgnal corresponds to an offset 
quadrature-phase signal sampled at an in-phase sample time. 
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46. A method o:^ operating an integrated circuit, 
5 comprising: 

providing a decision directed symbol error magnitude 

circuit; 

providing a symbol rotation direction indication 
circuit; and 

10 wherein the symliol error magnitude circuit operative 

in response to a first-phkse portion of a complex signal, the 
symbol rotation direction indication circuit operative in 
response to a second -phase portion of the complex signal, the 
first-phase and second-pha4e portions offset from one another. 

C3 15 

"*S /6. A method of d[perating an integrated circuit, 

|y comp/rising: 

providing a decis:\on dir^ctyfed symbol error magnitude 

circuit; 

P 20 providing a symbc^l rota^tioj:*^ direction indication 

circuit; and 

M wherein the symbol lerTor magnitude circuit operative 

in response to a first-phase Iportion of a complex signal, the 
symbol rotation direction ilndication circuit operative in 
25 response to a Hilbert transforhi of the first-phase portion. 



30 
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47. The method according \to claim 45, further comprising: 
providing a first-phaee signal; 

providing first-phas^ decisions from a decision 
circuit; and 



summing a first-phase 



signal to define a first-phase error term 



48. The method according t 



decision with a first-phase 



() claim 47, further comprising: 
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providing a signjal representing a second-phase midpoint 
signal; and 

combining the first-phase error term with the signal 
representing the second-ph^se midpoint signal to define a phase 
error term. 



An integrated cirquit receiver comprising: 
10 ' at least one timing loop; 

a decision feedback equalizer including; 
a feedforward! filter ; and 
a decision feedback filter; and 
a maximum likelihood sequence estimation circuit, 
15 coupled to receive input symbol samples from the feedforward 
filter, the maximum likelih(^od sequence estimation circuit 
integrated into the timing loop so as to provide enhanced 
reliability symbolic decisionslto an input of the timing loop. 



20 50. The integrated circuit rebei^er according to claim 49, 

the receiver operating on a Icomm^ sipnal transmitted m 
accordance with an 8-VSB modulation a^chem^ the receiver further 
comprising: 

a summing circuit coudled in parallel fashion across 
25 the maximum likelihood sequence estimation circuit, the summing 
circuit combining input signal samples with symbolic decision 
output from the sequence estimation circuit to define a sequence 
estimated error term. 

30 51. The integrated circuit receiver according to claim 50, 

wherein the feedforward filter includes adaptively updateable 
coefficient taps, the sequence estimated error term being 
provided to the feedforward filter 1 to drive the tap updates. 
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52. The integrated circuit receiver according to claim 50, 
wherein the decision feedback filter includes adaptively 

5 updateable coefficient taps, the sequence estimated error term 
being provided to the decision feedback filter to drive the tap 
updates. \ 

53. The integrated cirtuit receiver according to claim 50, 
10 wherein the maximum likelihood sequence estimation circuit is a 

trellis decoder, the trellis! decoder including: 

a decision device, Ireceiving input symbol samples from 

the feedforward filter; I 

a path metric circmit for tracking a symbol sample's 
15 time history and for determining a symbolic decision likelihood 

based on a symbol sample's hifetorical sequence; and 

a path traceback ciircuit for storing a plurality of 

sequential symbolic decisioni^^^^^the ] output of the traceback 

circuit outputting at least a tinau. decision corresponding to a 
20 maximum symbolic decision likelihoki^-'tesed on a symbol sample's 

historical sequence. \ ^ / 

54. The integrated circuin x^^iver according to claim 53, 
the traceback circuit coupled t® output each of a plurality of 

25 intermediate symbolic decisionls, each corresponding to a 
particular symbolic decision along the sequence. 

55. The integrated circuit receiver according to claim 54, 
the traceback circuit having a length N, wherein N corresponds 

30 to the number of symbolic decision estimations within a sequence, 
each estimation represented by a circuit delay 1/N, each of the 
plurality of intermediate symbolic pecisions separated from one 
another in time by an integer relationship with 1/N. 

35 
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56. The integrated dircuit receiver according to claim 55, 
wherein selected ones of tihe plurality of intermediate symbolic 

5 decisions are chosen for putputting based on a characteristic 
total delay of each selected one. 

57. The integrated cipcuit receiver according to claim 56, 
further comprising : 

10 a carrier reco^iery loop operating to detect a 

difference in phase or frequency between a signal input to the 
trellis decoder and a symbolic decision output from the trellis 
decoder; 

wherein the decision feedback filter provides a 
15 compensation signal based onj a symbolic decision output from the 
trellis decoder; and 

wherein the carrier recovery circuit operates on an 
intermediate symbolic decisionpee^rring earlier in the sequence 
than the symbolic decision prQviJded ihe decision feedback filter. 

20 

58. The integrated circliitVf eceiVer according to claim 56, 
further comprising a timing recoVery/Toop operating to detect a 
difference in phase or f requeocy^etween a signal input to the 
trellis decoder and a symboliq decision output from the trellis 

25 decoder wherein the carrier Recovery circuit operates on an 
intermediate symbolic decision loccurring earlier in the sequence 
than symbolic decision provided the timing recovery loop. 



30 
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59. In an integrated circuit receiver, a method for 
operating a decision feedback equalizer, the method comprising: 
providing a maximum likelihood sequence estimation 
circuit, including a symbolic traceback memory, the maximum 
likelihood sequence estimation circuit coupled to receive input 
symbol samples from a feedforward filter; 
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inputting a symjpolic decision, representing a best 

survivor path of the symbolic traceback memory, to the decision 

feedback equalizers- 
generating a seqiAence estimated symbolic error term 

from the best survivor path \symbolic decision; and 

providing the seqiience estimated symbolic error term 

to the decision feedback equalizer as a tap coefficient update 

signal . 



Lis 



60. The method accordinb to claim 59, wherein the maximum 
likelihood sequence estimation circuit includes: 

a decision device, Receiving input symbol samples from 
53 15 the feedforward filter; 

a path metric circuit for tracking a symbol sample' s 
time history and for determining a symbolic decision likelihood 
based on a symbol sample's historical sequence; and 
iy wherein the symbolLc?^^''tx^ceback memory stores a 

20 plurality of sequential symbolic decisions, the output of the 
traceback memory outputting 1 at \/L^ast a final decision 
corresponding to a maximum symbdlic Ueciiion likelihood based on 
T; a symbol sample's historical sequence./ 

'^'^ 25 61. The method according tjp claim 60, further comprising: 

providing a symbolic Idecision, representing a best 
survivor path of the symbolic traceback memory to an input of a 
timing recovery circuit; 

detecting a difference \in phase or frequency between 
30 the symbolic decision and an inputt symbol sample; and 

operating a de-rotator circuit in accordance with the 
comparison result . 



62. The method according to claim 61, wherein the symbolic 
35 traceback memory stores a plurality of sequential symbolic 
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decisions, the output of 'the traceback memory outputting at least 
a final decision corresponding to a maximum symbolic decision 
likelihood based on a symbol sample's historical sequence. 



10 



63. The method according to claim 62, wherein the symbolic 
traceback memory is further coupled to output a plurality of 
intermediate symbolic decisions, each corresponding to a 
particular symbolic decisiop along the sequence. 



15 



64. The method accordihg to claim 63, the traceback circuit 
having a length N, whereiA N corresponds to the number of 
symbolic decision estimations within a sequence, each estimation 
represented by a circuit delay 1/N, each of the plurality of 
intermediate symbolic decisions separated from one another in 
time by an integer relationshiip with 1/N. 



65. The method according! to j2rlal: 
20 of the plurality of intermediate syr 
for outputting based on a ch^ractl 
selected one. 



64, wherein selected ones 
Solic decisions are chosen 
P&lc total delay of each 



25 
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66. The method according to claim 65, wherein the timing 
recovery circuit operates on an \ intermediate symbolic decision 
occurring earlier in the sequence than the symbolic decision 
provided the decision feedback fi\lter, 

An integrated circuit receiver, including an adaptive 
decision feedback equalizer, compr\Lsing: 
a feedforward filter; 
a decision circuit; 

a decision feedback filtei^ coupled in parallel fashion 
with the decision circuit; and 



35 
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an offset generation circuit, wherein the offset 
generation circuit proviides an offset signal to an output signal 
from the decision feedback filter, the offset signal 
corresponding to a bitwifee representation of a DC component. 



iJ 



68. The integrated pircuit receiver according to claim 67, 
further comprising: 
10 a complex input] signal corresponding to a multi-level 

constellation of symbols, | each symbol represented by a number 
of bits; and 

wherein the numbfer of bits representing each symbol is 
determined by a power of \two which identifies a size of the 
15 constellation. 



1:1 



U 20 



25 



69. The integrated citjefuit receiver according to claim 68, 
wherein the bit representation ('o/ the constellation includes a 
fixed offset term. 

70. The integrated ciriuit\ r^eiver according to claim 69, 
wherein the fixed offset teim is capable of representation by 
adding an additional bit to\ each number bits representing a 
symbol . 

71. The integrated circulit receiver according to claim 70, 
wherein the offset signal qorresponds to a digital value 
determined by the additional bit. 



30 
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72. The integrated circuit receiver according to claim 71, 
wherein the constellation is a\ 256-QAM constellation and the 
number of bits representing eafch symbol is four, the offset 
signal corresponding to a -1/2 b^.t offset in the representation 
of QAM signals. 
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7^. An integrated aircuit receiver operating on a 
constellation of complex symbols, each symbol represented by a 
number N of bits, the receiver comprising: 

an adaptive decisioVi feedback equalizer including: 

a decision feedbacks filter, constructed to receive a 
symbol decision having a wordlLength of N-1 bits, the decision 
feedback filter outputting a cpmpensated symbol decision having 
a wordlength of N-1 bits; 

an offset generationl circuit, generating a DC value 
corresponding to an Nth bit renresentation; and 

a summing circuit fori combining the decision feedback 
filter output and the DC value generated by the offset generation 
circuit . 



74, The integrated circuit 
wherein the offset generation oil 



receiver according to claim 73, 
fcuit is a filter. 



20 75. The integrated circuit ^ece^ver\according to claim 74, 

further comprising : 

a feedforward filter; a\ 

a decision circuit, coupled in parallel fashion with 
the decision feedback filter, the cflecision circuit outputting an 
^3 25 N-1 bit wide word representing symbol decisions and a symbol 
error term. 



I ■ I 



76. The integrated circuit receiver according to claim 75, 
wherein the symbol error term \ adaptively trains filter 
30 coefficients of the decision feedback filter, the decision 
feedback filter coefficients provided to the offset generation 
circuit . 



35 



77. An integrated circuit rfeceiver operating on a 
constellation of complex symbols, \each symbol capable of 



-79- 




m 



33754/JWE/B600 



10 



representation by a digitpl word having a wordlength N of bits, 
the receiver comprising: 

a feedback filter, constructed to receive an input 
stimulus signal having a wordlength of N-1 bits the feedback 
filter outputting a a signal having a wordlength of N-1 bits; 

a correction filter constructed to provide an output 
signal having a single bit representation; and 

means for combining the feedback filter output and the 
correction filter output th define a signal having a value 
consistent with an N-bit representation. 



C5 15 
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78. The integrated circuit receiver according to claim 77^ 
wherein the correction filteri outputs a signal corresponding to 
a fixed offset term introduced by ^^representation of complex 
symbols in a first numbering 



79. The integrated circuit re 
wherein the correction filter Qutp 
a fixed offset term introduced \by a 
transmitted spectrum. 




Recording to claim 77, 
nal corresponding to 
tone inserted into a 



35 



80. The integrated circuit Ireceiver according to claim 77, 
wherein the correction filter ourbuts a signal corresponding to 
a fixed offset term representing the sum of a fixed offset 
introduced by a representation ot complex symbols in a first 
numbering system and a fixed offset introduced by a pilot tone 
inserted into a transmitted spectrum. 

81. The integrated circuit receiver according to claim 77, 
further comprising : 

a feedforward filter; and^ 
a decision device, coupled Vin parallel fashion with the 
feedback filter, the decision device outputting symbolic 
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decisions in an N-1 bit liepresentation and further outputting a 
symbolic error term assocaated with each decision. 



10 



82. The integrated carcuit receiver according to claim 81, 
wherein the symbolic error term adaptively trains filter 
coefficients of the feediback filter, the feedback filter 
providing an ISI compensatipn to symbolic decisions expressed in 
an N-1 bit representation. 



15 



83. The integrated circuit receiver according to claim 82, 
wherein the correction filter receives filter coefficients from 
the feedback filter, the correction filter providing an ISI 
compensation to a fixed offset term. 



20 



25 



30 



Drd ci 



.by a 5-bit word in two' s 
/mprising a 4-bit portion 



84. The integrated cirbu;k€ recbiver according to claim 83, 
the constellation comprising! a constellation, each real 

and each imaginary symbol repres 
compliment notation, the 5-bp.t 

expressing each symbol' s I rellatiye position within the 
constellation and a 1-bit pprt>0n expressing a fixed offset 
between each symbol's relative^ position and its absolute position 
within the constellation. 



In an integrated iircuit receiver, a method for 
adaptfively equalizing symbols expressed as a digital word, the 
method comprising: 

identifying a nibble Component of the word, the nibble 
component representing a fixed offset valued- 
truncating the word \ to a vestigal representation 
excluding the nibble component; 

convolving the vestigal\ representation with coefficient 
taps in a first filter; 
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convolving the fixed offset value, corresponding to the 
excluded nibble comj^onent, with coefficient taps in a second 
filter; and 

summing the\ convoiutjions . 



86. The method accor 
filter is a decision f 




to claim 85, wherein the first 
ck yfilter . 



87. The method according to claim 86, wherein the second 
filter is a DC correction filter. 




A digital communication system for receiving signals 
moduYated an accordance with a multiplicity of modulation 
formats , compris ing ; 

a front dlnd receiving an input spectrum at an 
intermediate freguencl;) 

first and second nested carrier tracking loops, the 
first loop acguiring carrier frequency lock in operative response 
to a predetermined frequency component inserted into the received 
spectrum, the second loop providing a signal adapted to position 
the spectrum at a predetermined location relative to baseband in 
operative response to said predetermined frequency component; 

a third tracking loop coupled to define a symbol timing 
parameter in operative response to said same predetermined 
frequency component; 

an equivalent filter operating on the received spectrum 
in order to define a pair of symmetric signals, each of the 
symmetric signals centered at the characteristic frequency of the 
predetermined frequency Ipomponent when the received spectrum is 
at baseband; 1 

a decision directed carrier phase recovery loop having 
a phase detector operative with respect to each of the 
multiplicity of modulation formats; 

-82- 
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a single bi^ LMS derotator coupled to adjust phase 
offset of signals dijqected to an adaptive decision feedback 
5 equalizer; 

an adaptive decision feedback equalizer, including; 
a feedforward filter; 
a decision feedback filter; and 
a maximum likelihood sequence estimation circuit, 
10 coupled to receive input symbol samples from the feedforward 
filter, the maximum liKelihood sequence estimation circuit 
integrated into a timing loop so as to provide enhanced 
reliability symbolic decisions to an input of the timing loop. 

15 89. The digital communication system according to claim 88, 

si \ 

r,z wherein the multiplicity \of modulation formats includes vestigal 

sideband modulation (VSB)U quadrature amplitude modulation (QAM) 
n and offset-quadrature ampLLitude modulation (OQAM) . 

-3 I 

S : i I 

ft Si I 

20 90. The digital commjjnication system according to claim 8 9, 

ii= further comprising: 

Jj; a first derotatdr, coupled into the signal path in a 

iTi position after the front lend, the derotator converting the 

O received spectrum to a . positirOTk relative to baseband signal in 

25 response to the first tracmng lloop; 

a variable rate imtebool^^or ; 
an NTSC interference Vrej eofcion filter; 
a square root Nyquist\ f il/uer, coupled into the signal 
path in a position after the l^TS^/interf erence rejection filter; 
30 and 

a second derotator \coupled into the signal path in a 
position after the square root Nyquist filter, the second 
derotator adjusting the received spectrum to a baseband signal 
in response to the second tracjcing loop. 

35 
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91. The digital communication system according to claim 90, 
further comprising a Nyqui\st prefilter, coupled in parallel to 
the signal path and in a poaition after the second derotator, the 
Nyquist prefilter and the sq\aare root Nyquist filter defining the 
equivalent filter . 
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92. The digital communipation system according to claim 91, 
further comprising : 

a real to imaginarV signal converter, the converter 
operative to create an imaginary analogue to a real signal, the 
imaginary analogue having a S3[me time stamp as the real signal; 
and 

a time compensation bircuit, coupled to time shift an 
imaginary component of a signali^R;^^ format into an 

imaginary component of a signal in fknotlher modulation format, 



93. The digital communicat 
wherein the real to imaginary 
transform filter coupled to def^ 
I rail signal. 



94. The digital communicat 
wherein the time compensation ci 
having a characteristic delay Z 



stem ^cording to claim 92, 
iial coj/verter is a Hilbert 
nalogue signal from an 



on system according to claim 93, 
rcuit is a Z transform circuit, 

1/2 



95. The digital communicatipn system according to claim 94, 
wherein the characteristic delay Z~^^^ is equal to one half a 
symbol time of a QAM signal. 




96. A digirtal communication system for receiving signals 
modulated an aqcordance with a multiplicity of modulation 
formats, comprising : 
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/ 



loop 
predict 



a front er 
intermediate frequency 

5 first and 

first loop acquiring ci 
to a pilot frequency 
spectrum, the second 
the spectrum at a 

10 operative response to 
a third trac 
parameter in operativ 
component; 

an equiva 
15 in order to define a 
symmetric signals cent 
pilot frequency 
baseband; and 

a decision 
20 phase detector operati 
of modulation formats. 



d receiving an input spectrum at an 



icond nested carrier tracking loops, the 
rrier frequency lock in operative response 
component inserted into the received 
providing a signal adapted to position 
ermined location relative to baseband in 
said pilot frequency component; 
cing loop coupled to define a symbol timing 
B response to said same pilot frequency 



ilent filter operating on the received spectrum 
pair of symmetric signals, each of the 
red at the characteristic frequency of the 
compdnent when the received spectrum is at 

directed carrier recovery loop having a 
ve with respect to each of the multiplicity 



25 



30 



97. The digital communication system according to claim 96, 
wherein the multiplicity ofl modulation formats includes vestigal 
sideband modulation (VSB) , Quadrature amplitude modulation (QAM) 
and offset-quadrature ampliltude modulation (OQAM) . 



98. The digital communt 
the second tracking loop ope 
tracking loop to position 
location relative to baseba 
signal modulated in accordan 




according to claim 97, 
junction with the first 
at a predetermined 
spectrum represents a 
st modulation format. 



99. The digital communicbtion system according to claim 98, 
35 the decision directed carrier loop operative in conjunction with 
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the first tracking loop\ to position the spectrum at a 
predetermined location relative to baseband when the spectrum 
represents a signal modul|^ted__JLD accordance with a second 
modulation format . 



100. The digital communibatjiopr system according to claim 99^ 
the decision directed carriet^^op operative on input signals 
10 received from a maximum likelihood sequence estimation circuit 
integrated into an adaptive decision feedback equalizer. 




15 



20 



li^l. A digital communication system for receiving signals 
modulated an accordance with a multiplicity of modulation 
formats, comprising : 

a front end receiving an input spectrum at an 
intermediate frequency; 

first and second nested carrier tracking loops; 
a symbol timing loop; and 

wherein theltracking and timing loops control reference 
synthesizer circuits lin operative response to a passband signal 
centered at a freque\icy characteristic of an inserted pilot 
signal . 



25 102. The digital communicatilon system according to claim 

101, wherein the passband signal comprises a pair of symmetric 
signals, each of the symmetriq signals centered at the 
characteristic frequency of the pi\ot sj^anal. 

30 103. The digital communication syiteiH^-asrcording to claim 

102, wherein each of the symmetric s^gna\s includes an augmented 
pilot signal. 
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104. The digital communication system according to claim 
103, wherein the passband signal is qeveloped by an equivalent 
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filter including a jlc^g^ss root Nyquist filter and a highpas 
Nyquist prefilter. 
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